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ABSTRACT 

by Audouin Dollfus 
Ekic Maurice 

The photometry of the aureole prolonging the  horns of Venus at in-  

f e r i o r  conjunction indicates t h a t  t h e  atmosphere above the cloud layer re- 

mains charged of pa r t i c l e s  of approximately 1.5 IL. i n  diameter, whose num- 

ber decreases by a fac tor  of 2 approximately every 2.8 lan and whose d i f -  

fusion coeff ic ient  i s  3.10'8 sti lb/phot per  centimeter cube contrary t o  

the  Sun at the leve l  of the  cloud layer. @L&! 
* 

* * *  
* 

On 19 and 20 June 1964, the  planet  Venus passed i n  in fe r io r  conjunc- 

t ion  at  2' from the  Sun; t h e  phase an@e V a t ta in ing  177O.6 and t he  f i l i -  

form crescent showing the elongated horns under the form of an almost com- 

p l e t e  luminous c i rc le .  Between 6 June (V = 151°) and 4 June (V = 1500) 

the  authors obtained 29 ser ies  of negatives t o  the  direct focus of the  60 cm 

re f rac tor  of Pic du Midi, during twenty d i f f e ren t  dws. 

* &ude de l'allongement des cornes du croissant  de VCnus en juin 1964. 
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The c i rcu lar  sunshade 80 cm i n  diameter, borne by a m a t  of 13 m 

fixed t o  t h e  r i m  of the cupola, ca s t  a shadow on t h e  objective i n  order 

t o  suppress the  ref lect ion and the diffbsion of the so la r  l i g h t  by the  

surfaces of l e n s  i n  the same way as the  very b r i l l i a n t  background that 

it produces . 
After the  exposures, t h e  objective was covered by a very small 

diaphragn (approximately 2 cm) and by a th in  p l a t e  of absorbant glass  

(transmission near 0.01) pointing a t  the Sun. 

of t he  so l a r  d i s k  were taken w i t h  durations of increasing exposures 

bordering those necessary for  t he  obtaining of negatives of Venus. 

additional images allow a d i rec t  comparison between the  l i g h t  i n t ens i ty  

of Venus and the  illuminance E, given by t h e  Sun. 

Negatives of the center 

These 

PHOTOMETRY OF NEGATIVE3 --- Let % Z O O ,  t he  azimuth of the radius of the  

planetary disk directed i n  opposition t o  t h e  Sun, 3 = + !loo corresponds t o  

the Northern horn and I = !yo t o  the  Southern. horn. 

Ti?e negatives have been measured rad ia l ly  by microdensimeters every 

and at  the  same time the  cal ibrat ion marks and the  negatives of the  so- 0 5 

lar surface. 

tended by one degree around the azimuth c$; it corresponds t o  the  equiva- 

l e n t  width of t he  photometric p r o f i l e  and is  related t o  the  in tens i ty  f o r  

an area of (1")* a t  the center of t h e  solar disk. I n  dividing the  disk 

surface and after correction of darkening at t h e  rim is made, the  r a t i o  

of t he  aureole in tens i ty  under 

the Sun at the distance f r amthe  Earth, is obtained. 

The in tens i ty  of the aureole is given f o r  a small arc  Adsub- 

A X = x O  t o  the  illuminance Eo given by 

"he measurements under cr( = 90, &I, 60 and 45' (average values f o r  
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the Northern and Southern horns) are p lo t ted  i n  Figure 1 as functions of 

phase angle V; the values of $ are p lo t ted  i n  ordinates on the  right hand 

scale . 
OPTICAL TRAJE(;TORX IN THE UPPER ATMOGPHERE -0- Let  us divide the  atmos- 

phere of Venus above the  ugper l e v e l  of the v i s ib l e  cloud layer taken as 

t he  or igin of a l t i t udes  27- 0 km i n  concentric layers  of altitude z i n -  

creasing ( r e a l  a l t i t u d e  z = 0 is poorly defined if  the  clouds are cumu- 

lus-shqped). The aureole stems from the  diffusion by residual p a r t i c l e s  

i n  suspension i n  these higher regions of t h e  atmosphere. 

cludes N(z) diffused pa r t i c l e s  by un i t  volume; their diffusion coeff i -  

Each layer in- 

c ient ,  assumed independent of the  altitude, is R(V). Each layer  contr i -  

butes t o  the  aureole shine proportionally t o  a t ra jec tory  T(V, 4, z ) tha t  

w e  have calculated numerically as a function of z f o r  d i f f e ren t  values of 

e3 and of V. Thus, each layer  gives the diff'used l igh t  

+(V, T, z) = R(V) N(z) T(V, Q, z). 
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Figure 1 
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While neglecting the proper absorption and the  multiple diffusion, the 

t o t a l  in tens i ty  of t he  aureole under the  azimuth d is equal t o  

db(V, a ) = l { ( \ )  N ( s ) T ( \ ' ,  a , s ) d s  

with  

s4,= I*  1 I - Po.. ("TV - (-I)s: z)] (r being the  radius of Venus) 

DLEFUSION INDICATRM AND DIAMGTER OF PARTICLES --- The t ra jec tory  to  the 

exact horns of t he  corona for  .-A = +goo and -goo, is expressed by T = 2 f i  

and subsis ts  independently from t h e  phase angle V. 

so l id  l i n e  thus reproduces (Figure 1) the  d i f f i s ion  ind ica t r ix  R(V), of 

pa r t i c l e s  i n  suspension i n  t h e  upper atmosphere of Venus, above the cloud 

The curve, drawn i n  a 

level. The lat ter diffuse the l igh t  wi th  a strong concentration contrary 

t o  the direct ion of the source and the diffusion i s  already almost 0 at  

20' from t h i s  direction. 

For the opaque d u s t  par t ic les ,  t he  d i f f rac t ion  formula S = 1,22 i./zci 

gives a diameter of 2 n near 2 p .  For transparent spheres of index 

near 1 the  formulae of Mie, computed by V a n  de H u l s t ,  give 2 LL near  105& . 
VWTICAL DISTRIBUTION OF PARTICLES --- According t o  F.Lgure 1, the inten- 

si t ies observed respectively f o r  . A  = 80, 60 and 45' become progressively 

weaker; they correspond t o  t ra jec tor ies  i n  the atmosphere of Venus above 

increasing a l t i t u d e  zo and characterize i n  a cer ta in  measure the verti- 

c a l  d i s t r ibu t ion  of d i f f i sed  dus t  par t ic les .  

I n  Figure 2, w e  have plot ted the observed values as f'unctions of 

1 - cos 4 , for the two phase angles V = 170° and V = 175' (dashed curves). 

These curves have been cctxpared with those canputed beginning with 
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Figure 2 

equation (1) for four hypotheses on the vertical distribution N( z) of 

particles : 

a. The number of particles decreases proportionally to the 

atmospheric pressure : 
- _ _ _  r,,; 

N ( ; ) = N , c  "*=.\ c' b i l l ,  

b. The number is  constant t o  the altitude 10 km and subsequently 

is  zero. 

The number is  constant t o  the altitude of 7.5 km and subse- C. 

quently zero. 
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d. The number decreases twice faster than the atmospheric pres- 

The best agreement is obtained i n  the last case (Figure 2). 

t he  p a r t i c l e s  raref'y continually but rapidly above the cloud W e r  z = 0 

by approximately a fac tor  of 2 f o r  every 2.8 h. 

Thus, 

These pa r t i c l e s  can form either a regular m i s t ,  o r  scattered veils 

whose average density complies with  the  preceding decrease. 

DIFIUSION COEFFICIANT PER CENTIMFTER (;T[TBE OF PARTICLES --- While assuming 

the  preceding ve r t i ca l  distribution, equation (1) is wri t ten fo r  the points  

of the crescent as follows: 
l,lr 

- 1  : -- 
# I D ( \ )  l : ( \ ) p l i ,  I.' ' i , l / : d : .  

The numerical calculation of the in tegra l  gives 2.1020.N~m 3 . 
If d and d '  are the  distances f r o m  the Earth and Venus t o  the Sun, 

the  aureole intensi ty ,  referred t o  the illuminance received frm the Sun 

The d i f fused  br i l l i ance  by p a r t i c l e s  i n  1 cmj at z = 0 lun per  unit 

of iJJ-nance w i l l  be 'I)(\'; S,s. J O " / ~ .  10:'' that i s  h , ! ~ .  I O '  ( l)(V) stilb/phot. 

The values are plot ted i n  Figure 1, i n  the l e f t  hand ordinate scale 

EXcrapolated f o r  V =  lbo, f o r  the distance Sun - Venus from 0.72 a. U. 

the diffusion coefficient f o r  1 an a t  Z =  0 w i l l  be 3.10-8 st i lb/phot  

(1 cm3 of pure a i r  i n  normal conditions diffuses t o  90' fYm the source 

0,55.10'8 st i lb/phot)  . 

3 

Thus the  pa r t i c l e s  remain very scarce. 
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The variable irregularities of t h i  brightness of t he  horns, the  

luminous nodosities of t he  aureole and the measurement dispersion indi-  

cate that the  abundance of pa r t i c l e s  can vary fran one region t o  another 

and i n  time, by more than a factor  of f ive.  
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